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(54) MAGNETIC RECORDING MEDIUM. METHOD OF MANUFACTURING FOR THE SAME AND MAGNETIC 
RECORDING AND REPRODUCING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetic recording medium 
which is capable of improving thermal fluctuation characteristics without 
deteriorating output characteristics, noise characteristics, etc. 
SOLUTION: A nonmagnetic substrate 1 is provided thereon with an 
orientation control film 3, a perpendicular magnetic film 4 and a protective 
film 5 and the orientation control film 3 contains Hf and A650 of the 
orientation control film 3 is smaller than A05O of the perpendicular 
magnetic film 4 and is specified to a range from 2 to 1 5°; in addition, the 
reverse magnetic domain forming magnetic field of the perpendicular 
magnetic film 4 is specified to 0 to 2,500 (Oe). 
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1 

£itai£|g(Z>)^a^^^^a^d^ 0'>'2500 (Oe) 

t^nx\,^^z.tt:<^wit^^mMmmmi^, lo 

b, Ta» Rh, Au, Al, Cr, O, N(Dot> 

asfctt2a£A±*#trH f -&^d^e75:^'bo-ea&-5z: 

[I«:^]S4] #^ai$X«^iB[t]fWffii|i[^CDm(c, lie 20 
«f® i:f «it*m 1 ~ 3 ©5 ^ tifn*^ 1 «IH«0®E^ 

Elr^*!l«]K*. H f *^tf%)CDtb, BBlnI$!l«l|i©A0 
50$:, ^HMtt^WA 6i50J;t)/h$<, *^t3 2~15S 
<0«6ffi b> ^itSS^® 0-^2 5 30 

0 0 (Oe) ii'r^^ii^'^WL!i-r^mmmm.^<Dm. 
«*tE©ff^fe-r sag's Yii^m?(., 

mmMm^m^. #®ttSS±JC, i!>?5:<i:t>it±©^ 

ief^*!iPi[n, Hf^^^. ^2l^i]$!l^fil|g(Z)A (950*^ n 

ttatlSiKO A e 50 J; 0 /hS < , d^O 2 ~ 1 5 ^©Igffli 40 

Sn, ^ieai4iK«52?aEiKJgfiEa#d^ 0 ~ 2 5 0 0 

(Oe) t^tix\i^^z.ii^i^WLii-r^mMMf^^^^ 

CO 0 0 1] 
[0 0 0 2] 
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t LT«. 60-214417 ^i]^^, ^BSBg 6 

3-21111 7-%i:jffijcH3^$nfc*>®«:^tf-5;:t 
agS;&i4&:*:ir< tf^-s c o c r ^^i^fcDC o-&^ 

*tffiVi6,n-5. mm^mm.±\zAmc o^^m^m^m 

mizrim=s:mii^z.nzj:':>x, attiK®«gaEinH4 

m(Df<:^m^^mmjB.>s:is.-r^nit.. m^i^^ ( o o o 
1) \zmi^h-p-r\f^fz^. z.n^Ti&m\zm\^^^z:iz\z 

itag^@j$^(CHbT(^, IEEE Transactions on Hag 
netics MAC. 19(1983) 1644tCS«3nTViS. <ff^¥ 
7- 1 0 1 4 9 5^^ffi»Ctt, T i #WTflfciKOT»CS 
i, Ge, Snf3iizib^iE>^^m'S:m»^CiiiZ^r), t 

}S**ffi3feSnTVi«. *fc4$ff^2 6 6 9 5 2 9#^« 
[0 0 0 3] 

[0 0 0 4] 



1 

( 3 ) 

3 

m^M\im<D A 0 50 J; 0 /hS < , 2 ~ 1 5 &<Df^m 

t-^n. MattwoisaEiRj^^iga^*^ 0 ~ 2 s o o 
(oe) t-^tix\,^i>z.ti:<^mt-r^. Si^Mmm 

Y, Ti, Zr, Nb. Ta. Rh, Au. Al. 

cr, c, o, N©5%*^^atsn-5 ia*fctt2aei 

S i Kfkife. Z r Sifbife, T i WtitifSl. A 
a^&0~2 5 0 0 (Oe) i:-r«>vlt&#Sii:-r-&. 

n, EiBiMWi^dm f iB[Di$!iwi^®A05o*i, 

^i£®MtiK®A05OJ;r)/h^<. d-^-C) 2 ~ 1 5 ScDlSH 

tsn, siiaif iKo2»atE^j^j«fiSE#*i 0 ~ 2 500 

(Oe) t$nTViS^:i:&!^at-r-5. 
[0 0 0 5] 

$^m^m^ 1 -hc#cssttTSfiiK2 i:, lersjsoffiiii 3 i. 

^fig^nxVi^g). SSli:UT«. SS^t2®iaE{t:ffl*« 

^Usri-^A-g-^Sffi. (i^ft{b:^f97., ^<b 

1 ®Sa«)¥l^ffi3R att, 0. 0 1~2nm(»Sb 40 
<«0. 05~1. 5nm) t-r-5©*W®T*-5. S 

^f<;&:-5. ifc^®¥l^ffl.$Rad<::®«gH«r*S^S 

[0 0 0 6] $ica^T^2», SltSS1£i^4®«^{b& 

nxv^SfeOt?*^. $)?SS^4TifeiK2Sri»f£r-54i^ai4 
*tWi:bT«, F e<&6 0 a t ^fi^i-g-WTSF e-g-^ 
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■g-^ (FeCo» FeCoV;a:i:) , FeNiJ^^^ 
(FeNi. FeNiMo> FeNiCr, FeNiS 
itlii) . FeAl^^ife (FeAl. FeAlSi. 
FeAlSiCr. FeAlSiTi RuJii*) . F e 
Cr^-&^ (FeCr. FeCrTi, FeCrCu;^ 
H) , FeTa^-g-^ (FeTa, F aT aCUii) . 
FeCJ^^^, FeN^^^. F e S i »-g-^> FeP 
^■g-^, FeNb^-g-^, FeH f m-&^^£^Vf-5Clt 
*iTir-5. 4>Cfi5ttT«6M2 tt, FeAlO, FeMg 
O, FeTaN, F e Z r NUHo^mmH^^i^i^U^m 

i:t>-C^S. ®tattTfi&jK2»Ctt, ±iS®«d^Co«:8 
Oat%£A±-&Wb, d-'OZr, Nb, Ta, Cr> M 

o ^® -5 -fe 1 2 aju±£t± *^*T-s c o -g-^ 

S:ffiViS^t*iT€rS. CoZr, CoZrN 

b. CoZrTa, CoZrCr. CoZ rMofS.ii'S: 

[0 0 0 7] 4)([fiaEi4T*K 2 «, ^®fia«iast«**< 
0. 8T&,±x^^:iiiiim^L\^\ mmmMm&i)^ 

00 (Oe) (15. 8 X 1 O'A/m) J:0/h$<-r 

[0 0 0 8] iic®EttT«iK2off$tt, i^m^Tmm2 
m^fiBs (T) i^m.ityi&m2 (Dmm t (nm) 

©aT*SB s • t (T • nm) 4 OT • nm|JJl± 
(»*b<»a6 OT • nmKK±) Tafe-SClt^i^'M^b 

[0 0 0 9] w^mn.Tmm2 iDmm mifp. ±m) 

«, 4ic«EttT«SJK2*«|^-r-5«i»*«SB^i-W*fc«^^ 

c^^b^ftiTv^^ciidW^bVi. ©gf{b^fl5^)■ (m<b 

e) ©ff^ttO. 1 nm|Jt± 3 nm^j^tf 

LV^. |is:fiSttTi(t!]K2*imfb^nfc*^ffi«:t->?a:«^ 

^rz^Miiymm2mm(Dmt^^ (.mtm) ©j?$ 

0)|^(f^^B©Si3S«?S%iS[ (TEM) 

[0 0 10] Efni^dteiii^ 3 (1, m.±iziiLm-r^m^mit 
m4(DmiS]^^mmm.m^mwi-r^rzi^\zmifi^tirzm 

T?*S. *|lte^^©®E^fSfili«*|£»c;feViT, iBf&jMISi 

K3»C«. H f €r-&tJtJm^fflVie,nTVi-S. EfSlSH® 
]K3©«i|Bfi:bT«, H f &^ViTfoJ;ViL, H f ti& 
©7C3St*-S-tJH f ^^$:fflViT%)J:Vi. 
[0 0 11] j:©H f -&^tLT«, Y. T i . Z r , 
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Nb, Ta, Rh, Au, Al. Cr. C, O. N<Do 

^mtLTit. Hf-Y. Hf-Ti. Hf-Zr, H 
f-Nb. Hf-Ta. Hf-Rh. Hf-Au, Hf 
-Al. Hf-Cr. Hf-C, Hf-O, Hf-N<£ 

[0 0 12] misimmm^iz. y. Nb, tb, rh, 

Au©^^ iaS>t«2«iU±&^tfH f -g-^^rfflViS 

«, 0. l~10at% (jifSU<ttO. l~5at 
%) i:T-5®dWMTabSo Ti. Zr. AK CrCD 

^■fe ia*fc«2a£A±s#trH f ^^*fflVi€.S-&tr 

l~50at% (ffSb<«0. l~30atSS) if 

tt. Ef^^fPiK3 4'IC;feft§C©#*^(4, 0. 1~3 
Oat96 (ilf^b<«0. l~15at%) ft^Oi)^ 

7C^ (O. N) (D-^mmit. 40at%£iT (»ib< 
tt3 0ataS£tT) O, N<D^ 

1 a t%e(±i:-r-SO*i»*bV^. mJnTC^© 

[0 0 13] £[^M^i^3(C», S iWtit^, Z rSEIb 

S. C:®H f ■&^®:R<t:fi»libT«, Hf-SiO,, 30 
Hf-Zr O,. Hf-TiO,, Hf-Al,0,, Hf 

±i2#!i6t (s iSE<b#j> z Tmt<^, T \ mtm. A 1 

K<b#», B©5-6 iat^±) 1~5 0 a t 

% (»Sb<«l~4 0 a t %) t-r^<DdWMT$. 

]K3®iBi«itt*WbL-. ^aattim 4 ©EfSHiAt^ft; 

[0 0 14] j^nmmt3ii<Dm^mmtmiz.:ts\'^x. 

6I50«. iiiia'l4M4®A£»50iD/h$ 
<, d^-:P2~ 1 5^ (j(fib<tt2~l OS) (DH^mt 

^nri^s. BHr^$l|^»lK3©Ae5o«. ±ts$effl*j^-T? 
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*3IMJ^^tC*3ViT. BB[^]$!l®K3©Ae50t«, he 
pSijfiWiaiBlffi (0 0 0 2) JCB|-r-5*>OT?*-S. 

[0 0 15] tAT, iafHj*!iffliji[3^H©A esosraa^T 
(1) e-i7<aest« 

-T^-rX^Dtr. AI*X«82 1 $r,^ltb. ^^XU2 2^ 
[iI9fX||«imgg2 3ICJ;-oT^Wr-5. «miS§2 3®fi[ 
B«, C:©^aii§2 3lc:J:oT^ffi$n-5|5lSTX^2 2 
OAItXi6l2 UC^*-rSfta[ (AStXi^2 10SES^2 
4ICM-r^l5lSTX^2 2©:ftS) *^ AltX^2 1©5^ 
J^i^D^BJCjktf SAI*A0®2f&, -r;i^D%2 0i: 

;^^J;^lci9:S-r^. Altx^2 i i£Mlt-r-l>^»c«, 

x-f ;^;j7D®|Bl€r*^{bS-ti--5^:tJCJ;»3AStXi»2 1 

©Alt:ft0$:^fb^it^ti'b»c, eituci^ids-a-T. 

^WS 2 3 ©€![«*, liI&fXiS2 2®AltX«|2 HC*t 
-r-S:ftS*i2 6» (f ;ft*3^AWXi^2 l©A*f:ft0©2 

^®AS) *«IKF-r-5J:5Jc^<b$-a"3:p. lHlJTX|g2 

2 ©^a?&^ai§g 2 3(rJ:0jS!l^-r-5 6'-2 6l>^ + ^> 
ffi&ffVi, a iIII*fXi^2 2®^ftt©H«g&SS'<., HI 

&9t^-r«>. ii©i^aiagfi:e»c^JtsiHi*Txii2 2®A 
i^x^2 nc^*-r-sA*2 0 2 0 p tv^^. #e,n 

;*£:«S2 0 pJ;D, iBl«lS«ffll]|i3«®tr*5ViT3^ia«J?a: 

[0 0 16] (2) a-;/ + >i^*iS©9t^ 
03tr^-rJ;^»C, ^mS2 3*. (5I&fX«|2 2©:ftS 
2 6)*t2 0 piJ^ofcfiieJcH^L, i(^imgS2 3*H^ 
bfc«fii-C. 5'-rX^D©|nl€f©^S:^fb3-e-S;ii:lC 
J:0AI*XiS2 l©AI*^eS^{b$i4-, Alt^l^i. 
i^mSg2 3CJ:oTi^Hl$tlfclHl#fX«S2 2©^fl!t© 

e*, lHlSTX«i2 2©^|«2 0*«2 0 p t-^ofc-egJC 

isaB©5^-rx^DB»cjfc*-r5«€r©4j-^fe**-rt>©i: 

04 tt. Dy=1^>^fl||©0!I^^-r*>©'T?*-5. 

[0 0 17] ia[B]S0«^3©;i$tt5 0 nmjy.T (»s 
b < « 3 0 n mJEAT) fr-5©*^'»®-C*^. ;i©Mff 

d^erb, y'fXi|*<4*i*<b-r-5fcje)fiFiL<3&:vi. m 
i^mmm 3 »-r ^n^sit^^ttM 4 ©ifgaB2f6]tt*« 

^{b-rSitJe), »^^*tO. 1 nmlU±i:;^-g)J:5JC}gfiK 
•r^©*W*bVi. BBfS]$iJ||]^ 3 hcp«ig€:i-g) 
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[0 0 18] mm.m.^m4it. mit^^m^&mzML 

a, Zr, Nb, Cu, Re, Ru, V, Ni, Mn. 

Ge. SK B, O. N;5:t**>?>S(^n-5 iaS/t«2 

[0 0 19] ^ita^§JK4«, JlS:;^l«]fCl^-7S:mBi^ 

jfii-r^citfe-e^su, M#^JR (Co. Co^^) 

i)-*<^fs.^mtM^m (Ft. Pd^) i}^iE>fs.^mt^m lo 

r P t J^^^-^CoP tm-^^f3id^m\'^^Z.tfi^-G^ 
•5, C o C r P t Sita^S 
■^^^mtb^tzib. P t#*M&8~2 4 a t SSt-T'S 
vlt*i±D*fSLVi. *^M^Off^{iO. 4~1. 4 
nm©l6ffltt"-&®dW*bV^. 3:©P3*<0. 4nm 

T-r^tiih\z^(Dmm<DWt&iimiy<ur). i. 4n 

mJ;0 <:'5:St, »a**«fiT-r-5. M^^MS 20 
OffStt, 0. lnm~0. 6 nm (jif^L/<«0. 1 
~0. 4nm) tT^CDifittfrnv^^. ^(Dm^^MM 

^mmit-r^. ^mmMm<Dmm.m^4\z^v^x 
[0 0 2 0] Sitatttii4o0stt, Bwt-r-ss^m 

i)mz.K>-^-r\'^tctb. 3~ 1 0 0 nm-C*.5^:i:*W* 
bV», SiaiK14M4«, he p«jS?&!i5:-rfc®TJb-5;i 

[0 0 2 1] c(Dmmimmi^T\t, sttatt^4cojSft 

aESJ^*«a# (-Hn) *t0~2 5 0 0 (Oe) 

tiTVis. mm^mj^^m^ (-Hn) *i±iHteH*ji 
t, j-fx^m^if^ii^r^. m5\z^-rj:oiz. mmm 

&m^m^ (-Hn) ttt, SSAi^ (MHtti^) \Z^ 

v»T, ®{t;*«fiaipiibfc«|g (^^c) d^e-^i-aBaa^M 

*eJl-r^b*-r©E(!t (Oe) T?«f Cltd^tf^S. 

u^. mm&^^m^m^ (-Hn) «, a^bsesrsc: 50 
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fj^b^t, i^mmmi)^^tf3.^^miz$>^m'^iziE<Dm 
fs.^mm\zi>^m'^tzM<om^t^ (0 6*#m) . m 

■5. 

[0 0 2 2] ^^5(^. mm.m.iim4<Dmf^'&^<t 

i fettvinif, «ri^5)- 1 bte7c*<&-i-trfe®*^ffiffl Bill 

Ta&S. ffiSBKSCDjP^tt, 1~1 0 nmOieHi:t"-& 
[0 0 2 3] j@Jti^6»C«. /X-7;^:ta7i?lJX-5^ 

[0 0 2 4] ±iei^^OSS«fS^iK#:*Kig-r-&JC«, 
@ 1 iCS^f S« 1 -b ;^>'t y f Jc J; D ^MUT 

^^a4*)^M;^:7./1•;/^fe;^^:fciOJ^^s-r•5. :;^cv^t, 

[0 0 2 5] ifc, i)c«fST*^2®^BirK<t:ffla* 

mm 2 »ci«-r*s-^, ©caiSTflfiis 2 © 

«B »c jfiv^gB^J-^^-r SSS© :?'D -feT. 4^ tc^^ & 

m^Ttm 2 ©^B* 0 . 1 ~ 3 0 ifSfmmm-rw&u 

^^Ztfi^-V^^. mt^^iZit. 1 0-*~ 1 0 ' P aWK 

^fiifcji^bT 1 0' p aiii±(DWtmfjxs.<Dm^mmzi^ 
m'&Ti&m2mm^o. 1^3 oi&>mm'rz.fv. $fs 

^TO. 0 5%~1 0%Sa?S-&bfc:^X*i»®»CfflV^ 

e>n§. ;i©t>cai4T^]^2©*®^{b»cj:oT, ti^a 
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[0 0 2 6] Si\^mmm3\Z. H f «rfflVi-54i-&JC(a, 

t^mmms^z. ±mmim (s \m<tm. z Tm<t<^. 
[0 0 2 71 eit^^iIg4*. m««jfit-rs«^jc 

■r-S«-&JCtt, S»^Jg (Co, Co-g-^) 30 

i©^-y-yhi, (pt, Pd^) a^^u^m 

[0 0 2 8] «SJ^5 0!)JgfiK;&j£i:bT«, :<7-jR>3' 

Sfc, SiO,-^ZrO,© 
3^— y-y h&fflV»fcRF;^A'y^', *§Vi«Si-fZr 

X&^ViSSlSttX/t';;^'»CJ;-DT, SiO,-t»ZrO, 40 
[0 0 2 9] 4i:|IM}^iioafifB@iS^^'r(^, 

]K3*<H f *-i■t^#!|s^*^e;fe»3, lEinj®IPJK3<DA eso 

*^ SitlK'lt]^4©A e50J;D/h^<, A>02~15S 50 
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©^ffi^^n, Siia^i^ 4 ©issas'^^^aif (-h 

n) *iO~2 5 0 0 (Oe) t$nTVi^©-C, tH:^# 

[0 0 3 0] sinmmmsizH f ^'^tsi^n^m\'\ ^ 

©A05O«:±ie^ffli:L-. jJ^iKEi^J^figaj^ (-Hn) 

■5. -Tifefc-^, IErtiI*«t3li^3©A05Odt/h;$jg^§JSg^ 
^Xtm^-t^. El6l^iSilig3®A05O*«;*:#-r 

50S-2~i 5g[ir^^bfe«-g-tr«. Sitatt]K4©ffi 

(-Hn) iE©fifr*-5 0~2 5 0 0 (O 
e) t.iS.^i:.=o\ZlS.^. 

[0 0 3 1] Erfi]M1SIM3»CHf S:^Vi-5Clt(CJ;o 

€.t«IST^-g>, Sjtai4iK4^«figTSCo-g-^i:It 
tfeLT, Hf (S;fctiHf-&^) «*&^^Sfe*i;*:^v^fc 
fe. E[^i]MW]K3©SitattBg4lc*f-r^*&T©lE^tt 

\zMi'^±\z\tx.if^'^i^^)mizfSi^'&-r. mmm^ 

4Jc:fev»T, «fl:§^tt©;&|fii«^TTi^— 

©fcJS), ®t<fe;i:^b©ffiaf^ffi {Rm:f3) i!)i/i^^<f3.r) 

[0 0 3 2] ^fz. Ti, Zr, Nb. Ta, R 
h, Au, Al, Cr, O. NS^tfH f -@-^*E 

r6]S!iwjK3jrffiVi^ti^ic«, ±tiWim7tm (y. ti 

[0 0 3 3] S i^fbifeJ, Z rWtiti^l. T i ^ft; 

ci*x^K<bi») (S i Kfb^j;^: t*) ^B*tH f JcHjgfb;^ 
v^ftS^wrsfc*, Er6]*!lW]K3*J^^«f^^lC. IK 

[0 0 3 4] ±i2a^iE®j«^i:©M3l:^teicJ:n 

it. m^iumm Hi ^-^^^ mf«iMmm 3 © a d 

50dt, iiili^tt]K4©Ae50ckO/h^<. *^02~15 
~2 5 0 0 (Oe) i:$nfc%>©fr-5©-e, Ji^®31 

0. mtj'^ii^J^zfy-iX<^iii:miit^^%>z.iiu<. 



« 

k 

( 7 ) 

II 

[0 0 3 5] m? \z^-r^ o ic. :^^m<^mm.timi^i^ 

Vi. B 2mm^-/3:-rU1^tVXit. NiAK FeA 
K CoFe. CoZr. NiTi. AlCo. AIR 
u> CoT i<Dot>im.^rzit2m&.±<O-^±^±0^^ 

Mo, Si, Mn. W. Nb, Ti. Zr, B, O, N 10 

m<a7i.m^maLrzun^m\f^^ciih'r^^^. ±122 

TCJ^-^^ (NiAl. FeAl, CoFe, CoZr, 
NiTi. AlCo. AlRu, CoTi) 

■mfo40~6 0at9g (if* U<tt4 5~5 5 a t 

[0 0 3 6] ms tc^T i 5 ir. :^mm<Dmm.ummi^ 
^fpmmsizit, co'^^^m\'^^ziiifi-v^^. z.<d 30 

C o-g-^tbTtt, CoCr©S*\ Ta. Zr, N 
b. Cu, Re, Ru, Ni, Mn, Ge, Si, O, 

r Jcjfe(HIbfc^^SrffiV»-5J:^:d*T#S. SfcTa, Z 
r, Nb, Cu, Re, Ru, Ni, Mn, Ge, S 

i. o. N, Bi)^ibm\f£ti^im±itii2msk±ff:>7tm 

t, cot*-&tr#asttoco-&^$rffiViS^:a:fe-u€f 

TVy^X^jii)mifr^fttt>. 2 0 nmfi^Ti:f -5© 40 
dW^b<, 1 0 nm£ATi:-rsO*«a;0»S LVi. 

[0 0 3 7] m9 izm-r^ o »c, ^mm<omM.umm^ 
^, cosm^^^mvf^zii^i-v^^. mm^md so 
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tt, «a:^Hc*nO0O (Oe) J!Jt± (»iKtt2 

0 0 0 (Oe) £JL±) -es-5c:t*wi bv^. mmam 

9©ff$«, 2 0~ 1 5 0 nm (»*U<«4 0~7 0 

nm) t-r^®$fibl^. g?iSttK9«, M^T^m 

ttT*^2*t3g^i^^bXVi-5Z:t*W*L.V». Bf^T 
mm2 0ir«, C r Sfc«C r-a-^<£fflVi«.(D*W^b 
Vi. ®I*JT*02 0tCiav»etl-5C r-e-^W^aiibT 
tJ, CrMo^, CrTi^, C rW^, CrMoJ^, 
CrVJS, C r S i C r N b5fi®^^i&^tf -S;! t 

[0 0 3 8] mm^m9 ^wn-t^z.nz^'ox. tscaitt 

TOM 2 i]m^-t-^m:kUm.S.izx^7.J'^-^ ^y-^X<D 

fitTosstci-s. fe®[ttT*i^2«, ^mtim^ 

« C i:**at5S, SatelK 9 ^©cattTffilg 2 tS« 1 i: 
©ra»c|S:ttS C i It J; 0 . ffiSatttlK 9 tf^^KttTflSM 2 
*3iS^ilS^S-ii-, tScai4T*]K2©aft;:)^fSi$^$«6<)ir 

[0 0 3 9] 01 o», i^mm\zm^msi.mmn^m& 

IEgli%#:i 0<£;[pl^lSil;;^-&^iX#:ISiliaSl 1 ^, 

fH®jaE#:i oizMiyxmn<ommn^'&ff'^mm.^y h 

1 2 aa.'N-V H 1 2 ^rffiid^-B-^'Sy KlKIfl^lB 1 3 

SS^'s^/ K 1 2fcSlofcO, at^'S'^ H 1 2d>e.©l?* 
«: 5a S b T 7^- rJ' & m ;0 -r ;i # -5 J; p ic 

[0 0 4 0] m^^y h* 1 2 1 bT«, 

01 1«, ^SSffi-^y K®— 09* 

BThcox. mmm^y K l 2 «, as 1 5 i:, 
1 6 i:*^e.«tllfS^^^?nTV^-5. aSl 5tt, ifi05JRV» 

^as 1 7 tmiK<Dmmmm 1 s i:**-r«.{i5ffiffiBSD 
^i^icj^^i^n, ^mm 17 it. ^mm\zmm.m^m4 

[0 0 4 1] mmm^y h 1 2 ^fflv^x, amfs^i*fls: 

1 0^©l2@i&fT5S8tCtt, ^fiSSl 7®$te«g75^e.3SI-er 

e.nfcam*<, SiS«tttli^4*, »«ilc^#b^it;&;i^ 



b 
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13 

mm 1 7 e, mm.m^m 4 . i^^m^n&m 2 

mi 8 ii<om<Dm^i,t. ^.mm 1 7 ^:«)ca%i^2 ^(ora 
cDam^:«M[^iI^^ci^^*^ mMm 1 s (omm\t^m 
mi 7 jcit'^Ti-i)-tcj£v»®-T?. litiiasi 8d>f,©«E 

m^Sti+^i-tc/h$<;i5:D. ^: 1 8 5 ©a 10 
&Jf\-<oh<D. MA.im±mzU:km^^ (GMR) ^ 

[0 0 4 2] *IIMJg^®a^tH®II^SS«, ^K^fS 

® j«*i£ 1 0 <DSiiiiumm 3 *m f Ei^issfflim s 

® A 0 50*<. SaSStt^ 4 © A 0 50 J: 0 < . ii^Z) 2 
|?^d«0~2 5 0 0 (Oe) t^nXViS©-?, ±^©® 20 

CO 0 4 31 

(lliSfi«l 1 ~ 2 1 ) **ar*©:*f 1 

« (7^;l'Atf:ilC-3 0 10) ©^f^-\'>ArtJCiR 

SUMX^a^ 1 X 1 0 ' P a t;a:-5*-CjEfi]K5^-V> 

Ai*g<£S^^bfc^, z:(0:fJ7X^i±\z. loot:© 30 

ja^^frTS 9at%Co-4at%Zr-7at%N 
hii^iiU^WimiiTMm2 10 0 nm) 

^m\ZJ;:r)m^Vrz. :^V^-C. 2 0 0'C©M^*ftT, 
#CiSttT*]ig2 H f SfcttH f ^^*^e.;5:-5iBrfiI 
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WiiaTcM (Y, Ti. Zr. Nb, Ta, Rh> A 

u. Ai, cr. c. o, N©^-6ia) . mitm (S 

la) , B s-g-tr ©ffl v^fe. ^muTtm. wt^tt^. b© 
^w^tt^uc^bfcsciiufc («i+. -tmm) . 

^*:ViX, 68at9SCo-16at9SCr-14at9S 
P t - 2 a t %Bd''e.;5:.5^ltt®tt]K4 (J5$ 3 0 n 
m) ^m^l^tc. ±gX>'ty^'U>^XSJC:feViXtt, 

f«^ffi©yn-fex^f;^tbX7;i'rf>-SrfflVi. 

0. 5 PatCXj^Srffofc. :;^CV^X. CVDfetCit) 

[0 044] (itmmi'-s) m\^mmm\z. muz^ 
[0 0 4 5] (itmm 4 ) ErniM'ffli^*jgj^t--g>[s©ia 

2 9 0^4: bxa^f2®j«#:&f^® bfc. 

[0 0 4 6] ^iss«.fe©ji**©iBr6]*!i®iK a iixumm. 
m.i3m4<DAd5o^xiSi!mmmz^r)m&hrz. m&m 

Z I KtfciiU-H^'f h7:J-7'f1fRWAl 6 3 2, ^ 

j;z/;^bf>x5'>Ks 17 0 iMPSiav^xan^Lfc. 
mm.wii.ommiz\t. mm.^y \^ Lvx^^mm^y \^ & 

MV», i^lHS^agl 0 kFC 1 (So), 6 0 0 kFC 
I (N) <D^^-VSNRm<Dm^^ffz>it. ;te*5So« 
MAi$^ttt:^$iet^b, J^it!»mm^&6 O O k F CI 

jc*3tt^y-f x^jg^-r-s. f?^m*m-^«i o o kp 
c I ©*«=xs!i^b&. KSije»*« 1 fc^-r. H c 

[0 0 4 7] 

[%1] 
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-H n 


H C 




SHRn 












■ l*^ r^r win* 




















(X) 


(JS) 




(Oe) 


(Oe) 


(dV) 


(dfi) 




Hf 




5 


200 


5.2 


6.4 


594 


3774 


2.40 


17-32 




Hf-Y 


3 


5 


200 


3.5 


4.8 


958 


3996 


2.71 


17-70 




U X 11 


20 


c: 

V 


200 


3.4 


4.8 


1659 


3966 


2.96 


18.03 




Hf-Ti 


20 


70 

r V 


200 


5.7 


6.7 


381 


3765 


2.61 


16.77 






20 


s 

•J 


200 


3.4 


4.5 


1470 


4187 


2.73 


17.68 




Hf-Mb 




R 
w 


200 


3.0 


4.9 


2096 


3945 


2.88 


17.54 




Hf-Nb 


15 


•J 


200 


5.5 


6.3 


652 


3501 


2.65 


16.35 




Hf-Ta 


5 

V 


5 


200 


3.6 


4.1 


873 


4043 


2.96 


17.70 




Hf-Sh 

■ 1.1 All 




kj 


200 


4.1 


5.2 


991 


3948 


2.73 


17.60 


Hfife 0(110 


n i All 


R 

9 


e 

3 


200 


3.8 


5.4 


1085 


3900 


2.99 


17.51 




n 1 


9/1 


C 
9 


200 


3.2 


4.3 


1067 


4087 


2.94 


17.58 




Hf— r-r 
ni 


1 A 
xu 


R 

3 


200 


3.9 


5.6 


850 


4250 


2.76 


18.21 




ii I Lr 




c 

3 


200 


5 9 


6 8 


480 


3728 


2 58 


16 81 


5^ UO 


yf — r 


1 ft 


e 
D 


200 


3 6 


5 4 


1213 


4231 


2 97 


17 73 




Wf — o 


1 A 
■iU 


c 


200 


4 5 


6 0 


2182 


4156 


2 63 


18 05 


4MB ^ V 


Iff "-If 

jii n 


1 A 


c 


200 


4 3 


5 9 


1544 


4262 


2 83 


17 72 


4ns |r*J * ■ 


O I d 1 \^ ^ 




c 
o 


200 


4.4 




2609 


4018 


2 62 


17 99 


vo • 


Hf-Zr02 


20 


s 


200 


4.1 


5.5 


2479 


4016 


2.66 


17.98 




ai-Tl02 


zo 


5 


200 


3.9 


5,0 


1273 


4290 


2.90 


17.83 




Bf-Al2 03 


20 


5 


200 


4.6 


5.4 


2482 


4021 


2.56 


17.86 




Hf-B 


10 


5 


200 


3.7 


5.6 


1364 


4250 


2.95 


17.6 




Ti 




5 


200 


6.7 


6.5 


-543 


3091 


2.15 


14.66 




C 




5 


200 


7.8 


7.3 


--655 


1294 


2.01 


10.49 




Ni 




5 


200 


6.9 


6.2 


-380 


1066 


2.19 


11.01 




Hf 




5 


290 


17.3 


18.6 


-557 


1002 


1.16 


10.18 



[0 0 4 8] mmmmmsizHf^rcitHf 
tift. 

[0 0 4 9] 

®A05OA<, SitfiS'l4]K®A0 5OJ;O/h$<> *^-^2~ 
0~2 5 0 0 (Oe) i:$tlTVi-5©1?. ai;'3#tt-t»y 

[0®©ffim7ii»^] 

[@ 1 } :^^m<D&m.mmm^<vm i (^^js^sg^^ 

■5. 



30 



[0 3] A 0 5O®a!l^;^fe*i5i^-r-5ift?g0-ea& 

[04] x2y^>-^mf^(D~m^^-ti^'^yv$> 

■5. 

[05] ®MftiSO— 0a*5^Ti^7 7T?*-5. 

[0 7] 2^%^C0a^lBSl^^O^C9^>^^gg%^ 

[08] ^^m<D^umm^(Dm<Dmmmm^^ 

•r-flB»f®0-ca&«>. 



40 



[011] 010 iz^-rmmimm^&mizmm ^ 
[^^^©i^^Bg] 

2 -ata^^/ K 



» 
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(72) ^mm «ia m 



=f-MmtnMin/\mm^m. 5 $ co i mm 
=f Ji Til Aifii^^ffi 5 # ® 1 mm 

F^'— 5D006 BB02 BB07 CAOl CA05 DA03 

EA03 FA09 
50112 AA03 AA04 AA24 BD03 FA04 



